Central nervous system (CNS) is one of the most frequent sites for prenatal diagnosed congenital abnormalities (10 per 1000 live births, much higher than the heart-eight per 1000, kidneys-four per 1000, and other fetal systems). Due to the evolving pattern, ultrasound screening for fetal brain malformations is usually performed at 19-22 weeks' gestation, but severe congenital anomalies can be diagnosed much earlier. This chapter is a short review, structured in eight subchapters: the first one is dedicated to the normal ultrasound aspect of different CNS segments, and the following ones are to detect pathology in prenatal life. We used many ultrasound images and tried to correlate the prenatal findings with the ones obtained postpartum/postabortum for each case, by means of pathology/imaging techniques.
Introduction
It has been said that the central nervous system (CNS) is the most complex among the fetal and adult systems. This is one of the most common sites of congenital malformation, both in fetuses with and without chromosomal abnormality. It is extremely difficult to diagnose structural abnormalities or mild ultrasound (US) abnormalities that have been linked to major functional problems. Just the opposite, major anatomic defects may not lead to significant malfunctioning of the system. It is extremely important to study the structure, in an attempt to understand the function of the normal and abnormal fetal central nervous system [1, 2] . The detection of CNS anomalies in fetal life is feasible using modern ultrasound equipment. Many inner edge (the "leading edge" technique), at the widest part of the skull, using a perpendicular angle to the midline falx. The HC is measured on the external contour. The cranial bones describe on axial planes a regular ovoid shape. The midline must be continuous, having no deviations, and the intracranial structures must be symmetrical, mirroring each other's half. Usually, the proximal hemisphere to the probe has a lower visibility, and only the distal one is described by the operator. On the transthalamic plane, the anatomic landmarks are (from anterior to posterior) the frontal horns of the lateral ventricles (LVs), the cavum septi pellucidi (CSP), located between Fetal Central Nervous System Abnormalities http://dx.doi.org/10.5772/intechopen. 76208 45 them as a fluid-filled structure, the two thalami (resembling together a "heart image"), the third ventricle between them, and the hippocampal gyrus. The biventricular plane is found just above the previous one and allows the visualization of the lateral ventricles, with the choroid plexus inside them. The width of the posterior horn of the lateral ventricle must be measured using the exact mark of the parieto-occipital sulcus, inside the echoes generated by the ventricular walls, by a direction aligned perpendicularly to the long axis of the ventricle. Before 25 WA, the measurement must be smaller than 8 mm. The transcerebellar plane is obtained just below the transthalamic one, in an oblique fashion. The slight posterior tilting allows the visualization of the frontal horns of the lateral ventricles, CSP, thalami, cerebellum, and cisterna magna [1, 10] . The transversal diameter of the cerebellum (in mm) equals roughly the gestational age (in weeks). In Congenital Anomalies -From the Embryo to the Neonatethe second half of gestation, the depth of the cisterna magna (measured between the cerebellar vermis and the intern margin of the occipital bone) is stable and should not exceed 10 mm.
The neurosonogram implies obtaining four more coronal planes and three sagittal/parasagittal planes and assessing the evolving cerebral fissures, gyrations, and circumvolutions [1] . The coronal planes are displayed in Figure 7 .
The transfrontal plane is obtained through the anterior fontanelle. The interhemispheric fissure (IEF) in the median plane and the anterior horns of the lateral ventricles on both sides can be seen. This plane passes anterior to the genu of the corpus callosum (CC), and this is why the IEF appears uninterrupted. The transcaudate plane passes at the level of caudate nuclei and the genu of the CC. It interrupts the continuity of the IEF. CSP appears as an anechogenic triangular structure under the CC. Lateral ventricles are seen, surrounded by the cortex. Also, the Sylvian fissures may be identified, laterally. In the transthalamic plane, the thalami are seen adjoining. In some cases, the third ventricle is seen in the median plane. In this plane, at the base of the skull, the vessels of the circle of Willis and the optic chiasma In the midsagittal (median) plane, all components of the CC (rostrum, genu, body, splenium) may be seen. Also, the CSP, the brain stem, pons, vermis, and posterior fossa. The parasagittal planes (right and left) depict the entire LV, the choroid plexus, the periventricular tissue, and the cortex. 
The spine
In the sagittal and parasagittal planes, the ossification centers of the vertebral body and posterior arches form two parallel lines that converge in the sacrum, in the prone position of the fetus. Efforts must be made to demonstrate the integrity of the overlying skin.
In the second and third trimesters, these planes allow imaging of the spinal canal and of the spinal cord within it. The conus medullaris is usually found at the level of L2-L3 vertebrae (Figure 10 ).
In transverse planes or axial planes, the vertebrae have different shapes at different levels [1] . Fetal thoracic and lumbar vertebrae have a triangular shape, the first cervical vertebrae are quadrangular in shape, and sacral vertebrae are flat.
The normalcy of the vertebrae and ribs' arches may be very easily demonstrated in the coronal plane, using the 3D technique, skeletal mode. Both can be readily numbered (Figure 11 ).
In the prenatal scanning, many normal and abnormal structures may vary and evolve intensively. Thus, using descriptive terms is advisable. The observer may use a thorough detailed depiction of the visualized structures and features, may note the absent normal structure/ structures, and may signalize an abnormal structure. This approach is preferred to issuing a specific diagnosis. 
Abnormalities of the ventricular system
Ventriculomegaly is the most frequent abnormal CNS finding diagnosed in utero and is the most common indication for second-level neurosonography and fetal magnetic resonance imaging (MRI) [11] . 
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Establishing its class of severity is based on the width of the atrium of the lateral ventricle measurement: ventriculomegaly is considered to be mild when the atrial width is 10-12 mm, moderate between12 and 15 mm, and severe if larger than 15 mm.
In rare cases, ventriculomegaly is accessible in early pregnancy (Figure 12 ).
Yet, this is usually a second-and third-trimester diagnosis. The prevalence of mild ventriculomegaly, based on current criteria, is estimated to be around 0.7% [12] . The finding of ventriculomegaly should trigger a thorough analysis of the fetal brain to investigate all associations (malformative, clastic, tumoral, and syndromic). If no underlying pathophysiology and etiology are found, ventriculomegaly is referred to as "isolated." Melchiorre et al. [13] demonstrated the particularly difficult counseling in such cases. Aqueductal stenosis is the most common cause of ventriculomegaly and its extreme form-fetal hydrocephalus. Published studies of neonates with aqueductal stenosis have noted variable outcomes, with normal development seen in 24-86% of cases [14] (Figures 13-15 ). 
Neural tube defects
Neural tube defects (NTDs) are a frequent group of severe anomalies of the central nervous system. The most frequent conditions are anencephaly, spina bifida, and cephalocele [15] .
The open NTDs occur as a result of a primary failure of the neural tube closure between the 17th and 30th postfertilization days. They have a rather stable prevalence. This highlights the importance of primary prevention by folic acid supplementation and the paramount meaning of accurate prenatal diagnosis. In rare cases, some forms of NTDs may be recognized very early in pregnancy (Figure 16 ).
Yet, the vast majority of cases are approached in the late first trimester (11-13 WA), due to the fact that the role of this scan has evolved [5, 7, 8, [16] [17] [18] . The technique has grown, no longer being a screening for aneuploidy tool [19] [20] [21] [22] -but a method to almost assess the complete fetal anatomy. This became the first anomaly scan in many units [4, 5, 18, [23] [24] [25] .
In terms of central nervous system, the newest area of debate is the significance of posterior fossa ultrasound semiology. At 11-14 weeks of gestation, it is possible to visualize and measure many spaces in the posterior brain: the brainstem (BS), the fourth ventricle or intracranial translucency (IT), and the cisterna magna (CM). In some settings, such anatomical spaces are assessed routinely by ultrasound in parasagittal or oblique views of the fetal face, as part of the nuchal translucency (NT) scan [26, 27] . Abnormalities of the posterior brain spaces or deviations of their measurements have been proposed as markers of congenital malformations of the posterior fossa [26] [27] [28] [29] . Subsequently, the correlation between the decreased amount of intracranial fluid and open spina bifida (OSB) has been established [16, 30] . More recently, it has been suggested that increased fluid may indicate the presence of cystic posterior fossa anomalies such as Dandy-Walker malformation (DWM) and Blake's pouch cyst (BPC) [31] [32] [33] [34] [35] .
Also, the axial planes offer many indirect signs of OSB and have competed with the sagittal planes in the efficacy of first-trimester screening for OSB [36] [37] [38] . It seems that in experienced hands, OSB may reach 100% early detection rates, being reliably diagnosed at 11-14 weeks of screening [39] .
In our view, both sagittal and axial planes of the fetal head may be used in OSB screening, depending on the operator's skills and the equipment used. Also, the small BPD may be useful [40, 41] . Congenital Anomalies -From the Embryo to the Neonate 52 2D planes and markers for fetal central nervous system (CNS) morphologic assessment at the first-trimester ultrasound scan are shown in Figure 17 : left column, a normal fetus; right column, isolated OSB fetus.
In the thalamic plane, the regularity of the skull and the bone ossification should be assessed. Also, measurements may be performed: the biparietal diameter (BPD), the head circumference (HC), and optional-the occipito-frontal diameter (OFD). Thalamus, the third ventricle (red arrow), and symmetry of the intracranial structures may be subjectively assessed. In this plane, the "crash sign" may be subjectively evaluated (the aqueduct of Sylvius position) or the distance between this feature and the occipital bone may be measured (the aqueduct-indicated by the blue quadrant, and mesencephalon-normal by the yellow contour and pathologic by the red contour).
In the lateral third-ventricle plane, aside from the regularity of the skull and the bone ossification assessment, the following structures should be visualized: the midline falx echo, the choroid plexuses, the interhemispheric fissure, the posterior horns of the lateral ventricles (LVs), the lateral walls of the anterior horns of the LV, and the thin brain mantle. In this plane, the "dry brain phenomenon" is usually present in OSB cases: the subjective large choroid plexus for the skull (Figure 18 ).
In the sagittal plane (often called the mid-sagittal plane), many CNS structures may be identified and measured: the thalamus (T), the brain stem (BS), the medulla oblongata (MO), the midbrain (M), and the future cisterna magna (CM). In OSB cases, some mild signs may be found: the alteration of the BS (brainstem diameter)/BSOS (brainstem to occipital bone diameter) ratio and the decreased frontomaxillary facial (FMF) angle. The most valuable in screening seems to be the alteration of the cisterna magna (Figure 19) .
Along with the mild early signs of spinal neural tube defects, other major malformations reach 100% detection rates in many reports. Figures 20-22 show several such cases, showing correlations between the ultrasound data and the specimen aspects. 
Cortical formation abnormalities
The cerebral cortex development implies evolvement through three steps: neuronal precursor proliferation and differentiation; migration of immature neurons; and cortical maturation (the laminar organization and occurrence of synapsis). Neurons migrate from the ventricular zone (called the germinal matrix) toward the pial surface, along radially oriented glial scaffolds [42] [43] [44] .
Gyration and sulcation occur afterword, beyond 32 WA. Disruption of any of these steps in cerebral development, due to inherited or acquired causes, can result in a wide spectrum of abnormalities.
Schizencephaly is a congenital cerebral defect in clefting, where clefts extend through the hemispheres from the ventricles to the pial surface [45] . Having two clinical types (open and closed), it seems to be caused by a primary failure of development of the cerebral mantle in early pregnancy. The condition is different from porencephaly, being characterized by the presence of heterotopic gray matter lining the cleft. Although primary, it has also been reported as a destructive process mediated by vascular injury also.
Lissencephaly means literally "smooth brain." This is a rare brain malformation, gene-linked, characterized by the absence of normal convolutions in the cerebral cortex, leading to microcephaly. In most cases, neonates have usually a normal sized head at birth. The "cobblestone lissencephaly" is characterized by the irregular surface of the brain on the pathological specimen. This is due to aberrant neuroglial overmigration into the subarachnoid space. The formation of an extracortical agyric neuroglial layer occurs. It seems that the primary cause is the deficit of glycosylation of dystroglycans, resulting in neuroglial overmigration [44] [45] [46] [47] [48] [49] [50] .
The presence of neurons in any position other than the cortex is called neuronal heterotopia. This is caused by an abnormal phenomenon of migration during fetal development. The most frequent type is periventricular heterotopia, given by an abnormal development of the neuroependyma [44, 50] . It consists of groups of disorganized neurons and glial cells that are located along the walls of the lateral ventricles. They may be isolated (X-linked and non-X-linked forms) or associated with other CNS malformations. The prevalence in the general population is unknown, but it has been related with epilepsy, seizures, and/ or developmental delay, with different grades of severity. The prenatal diagnosis has been reported, but the condition is underdiagnosed in the vast majority of screening settings. The true microcephaly is considered part of a complex disorder [48] [49] [50] [51] , occurring in syndromes (with or without chromosomal anomalies). It may be associated exclusively with cerebral anomalies (due to either primary cerebral maldevelopment or clastic events like the ischemohemorrhagic ones) or infectious diseases; the latter has gained a particular interest lately, in light of the recent emergence of microcephaly related to Zika virus infection [48] [49] [50] [51] . Macrocephaly may result from macrocrania, hydrocephalus, or a major subarachnoid space abnormality. If not associated with other conditions, macrocephaly is synonymous with megalencephaly, meaning an increase in the weight and size of the brain [52] (Figure 23 ).
Midline abnormalities
Holoprosencephaly is a congenital induction disorder, occurring extremely early in pregnancy (3-6 WA), with failing the segmentation of the neural tube [53] [54] [55] [56] [57] . This leads to incomplete separation of the prosencephalon. It has been classified into four subtypes: alobar, semilobar, lobar, and a middle interhemispheric fusion variant (syntelencephaly).
The alobar holoprosencephaly is the most severe type, having a complete lack of separation of the cerebral hemispheres; this lead to a single ventricle, absence of the CC and IEF, and fused thalami. In the semilobar type, the cerebral hemispheres are fused anteriorly. In lobar holoprosencephaly, the fusion of the cerebral hemispheres is present at the frontal lobes. The middle interhemispheric fusion variant results from nonseparation of posterior frontal and parietal lobes.
The corpus callosum is the largest commissure of the brain, and its development is accelerated between 8 and 20 WA. Any disturbance of this process may lead to CC agenesis or partial agenesis (hypogenesis or dysgenesis). Many CC abnormalities (in terms of dimensions and shape) are frequently diagnosed during pregnancy although their significance is still debated [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] . Abnormal CC has been described among patients assessed for mental retardation.
In a similar way, the absence of fluid in the CSP (with or without intact septum pellucidum and corpus callosum) may indicate subtle or severe midline brain abnormalities. All these conditions may have significant implications for postnatal neurological development [58, 61, [63] [64] [65] [66] [67] [68] ( Figures 24 and 25) . Congenital Anomalies -From the Embryo to the Neonate
Posterior fossa abnormalities
Posterior fossa abnormalities include the Dandy-Walker malformation (complete or partial agenesis of the cerebellar vermis, cystic dilatation of the fourth ventricle, and enlarged posterior fossa, with upward displacement of the tentorium, torcula, and transverse sinuses); the mega cisterna magna (a CM measuring more than 10 mm and a normal vermis); the Blake's pouch cyst (the presence of an upwardly displaced normal cerebellar vermis, normal appearance of the fastigium, tentorium, and size of the cisterna magna); and isolated vermian hypoplasia (a normally formed vermis but of smaller size, with an otherwise normal size and anatomy of the posterior fossa) [69, 70] . It seems that the Dandy-Walker malformation, even if apparently isolated on ultrasound imaging, carries a high risk for chromosomal and associated structural anomalies. Isolated mega CM and Blake's pouch cyst have a low risk for aneuploidy and associated structural anomalies. The isolated vermian hypoplasia is extremely rare; thus, the literature does not offer definite conclusions about its significance. This needs to be further assessed (Figure 26 ).
Vascular abnormalities
Possible causes of hemorrhage include arteriovenous malformation, benign or malignant, intracranial tumors, fetal infection, drug toxicity, and clotting disorders, such as isoimmune or alloimmune thrombocytopenia [71] [72] [73] [74] [75] [76] [77] [78] [79] .
Fetal hemorrhagic and hypoxic-ischemic insults can lead to antenatal brain damage and fetal stroke. These are associated with fetal death, postnatal seizures, mental retardation, psychomotor delays, and cerebral palsy [72] . Fetal intracranial hemorrhages and strokes can be The outcome of bleeding into the ventricles ranges from hemorrhage absorption and resolution without residual deficit, to brain damage, with neurological and mental deficits, epilepsy and in extreme cases to fetal or neonatal death. Different scoring systems have been developed to predict the prognostic significance of fetal intraventricular hemorrhage. They depend upon ventricular enlargement and the presence or absence of brain parenchymal damage [72] [73] [74] [75] [76] [77] [78] [79] .
Spontaneous antenatal subdural hemorrhage is rare [71] .
Vein of Galen aneurysmal malformation is a rare congenital malformation (1% of all abnormalities of the fetal cerebral arteriovenous system [80] . It occurs in isolation, although there have been reported cases related to cardiac abnormalities or cystic hygroma. The current hypothesis is the early occurrence (between the 6 and 11 WA), as a result of the persistence of an abnormal connection between the primitive choroidal vessels and the proximal region of the prosencephalic median vein. The persistence of the connection leads to the appearance of some abnormal arteriovenous shunts and the formation of the vein of Galen (Figures 27 and 28) . Congenital Anomalies -From the Embryo to the Neonate
Destructive cerebral lesions
The destructive lesions may include an extremely wide range of conditions: hydranencephaly, tumors/mass lesions, cysts, periventricular leukomalacia, infections, dysplasias, intracranial hemorrhage, and other lesions. Identification of these abnormalities can be extremely helpful in providing the patients with management options. Moreover, it has the potential to modulate the neonatal therapy [81] [82] [83] [84] [85] .
Hydranencephaly is a severe congenital condition: most of the cerebral hemispheres are replaced by a membranous sac. The pathogenic mechanism and the prognosis remain controversial. Still, fetal and postnatal neuroimaging data and histopathologic findings suggest an early bilateral internal carotid artery occlusion occurring at 8-12 WA [81] .
Fetal brain tumors are rare and have a different histologic pattern [84] . The definitive diagnosis relies on histopathology. The distinction between potentially curable tumors and tumors rapidly fatal after birth is extremely difficult. Moreover, some intracranial masses are not real tumors. Among the histological structure, we mention teratoma, glioblastoma, fetus-in-fetu, craniopharyngioma, and hemangioma.
The acronym TORCH is used to refer to congenital infections: toxoplasmosis, other infections (syphilis, varicella zoster, and parvovirus B19), cytomegalovirus, and herpes simplex virus. Zika virus has emerged as an important worldwide congenital infection. Many maternal and fetal symptoms are common. All mentioned infections may cause neurologic damage (ventriculomegaly, intraventricular adhesions, subependymal cysts, intracerebral calcifications, and microcephaly). The Zika virus leads to a more severe spectrum of CNS abnormalities and affects mildly other organ systems [85] . All congenital infections have rather nonspecific ultrasound findings. For the imagist professional, the awareness of imaging features of common congenital infections may facilitate early diagnosis and may, at times, lead to prompt initiation of therapy.
Periventricular leukomalacia has been reported in preterm and growth-restricted fetuses and neonates, and in monochorionic complicated pregnancies. It manifests as punctate white matter lesions or focal white matter necrosis. In clinical settings, cranial US has a limited sensitivity in detecting them. MRI is a more useful tool [78, 86] .
Unfortunately, cortical dysplasias, involved as an epileptogenic substrate, are the most subtle lesions to identify, diagnose, and characterize [87, 88] . Improved MRI techniques with a multimodality approach (magnetoencephalography, positron emission tomography) will probably increase sensitivity and specificity for identifying them.
The most used classification [88] tried to unify the terminology of cortical dysplasias, which are seen as a subset of all malformations of cortical development. This proposal is based on histopathologic data, clinical and imaging findings, being currently under review [87] ( Figures 29-31 ).
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The above division of CNS congenital anomalies is an arbitrary one. In the most severe cases, several types of cortical malformation may be found simultaneously. Moreover, many types succed one another, or overlap in time. Figures 32-34 show several examples of such associated abnormalities. Fetal Central Nervous System Abnormalities http://dx.doi.org/10.5772/intechopen.76208 61
